Experiments were carried out on sheep to assess the effect of rations containing excess calcium and sodium (5 and 10 times more than recommended in the ARC requirements) on the apparent digestibility and absorption of macro-(K, Na, Mg, Ca, P) and microelements (Zn, Cu) in the forestomachs and small intestine of sheep. The introduction of calcium lactate (20% DM) into an extruded concentrates led to a significant decline in Mg digestibility and elevated Ca digestibility in the forestomachs and a decline in P digestibility in the segments of digestive tract between the mouth to the ileum (forestomachs + small intestine). Excess Na in the diet (12 g/d) significantly reduced K absorption in the small intestine. Loading sheep with Ca and Na did not affect the absorption of microelements in the small intestine or in the segment between the mouth and ileum.
INTRODUCTION
Ruminants fed some types of upgraded fibrous feeds may be exposed to excessive amounts of calcium and sodium in their diets. As the concentration of these elements in the diet rises, their specific antagonisms in terms of absorption and tissue distribution of other minerals becomes increasingly evident (Chicco et al., 1973; Bartley, 1976; NRC, 1980; Shiga and Harii, 1987; Alfaro et al., 1988) . Antagonism between elements can lead to a deficit of many elements, especially those that normally occur in feeds at near-minimum levels (Underwood, 1977; Alfaro et al., 1988; Tucker et al., 1988) .
The objective of this study was to determine the effect of rations containing excessive amounts of calcium and sodium (5 and 10 times the amount recommended in the ARC requirements) on the apparent digestibility in the forestomachs and absorption of macro-(K, Na, Mg, Ca, P) and microelements (Zn, Cu) in the small intestine of sheep.
MATERIAL AND METHODS

Animals and experimental design
A detailed description is given in the first part of this study (Leontowicz et al., 1995) . Dry matter (DM), ash, chromium (Schiirch et al., 1950) were assayed in freeze-dried samples of intestinal digesta, while mineral elements were determined after mineralization the samples in concentrated NH0 3 in hermetic Teflon vessels in a microwave oven. K, Na, Mg, Ca, Zn and Cu were determined in the feed, water and freeze-dried samples of duodenal and ileal digesta by atomic absorption spectrometry (Perkin Elmer 1100 B), inorganic P was determined using a kit (Biochemtest, POCH, Poland).
Calculations
Apparent digestibilities of ash and the analyzed mineral components in forestomachs and small intestine were calculated on the basis of the Cr 2 0 3 content in the duodenal and ileal digesta using Ruszczyc's formula (1983) . The results were subjected to statistical analysis of variance using Statgrafics software, while the significance of differences between means was assessed by the Tukey test.
RESULTS
The intake of extruded concentrates, hay and water is described in a previous paper (Leontowicz et al., 1995) . Table 2 gives the apparent digestibility coefficients of ash, Mg, Ca and P in the forestomachs and small intestine. Intake of minerals was from 43 (I) to 91 g (II) designated as ash in the diets (P<0.05). The digestibility coefficients of ash in the forestomachs were negative in groups I and II (-89 and -30%, respectively) and positive in group III ( + 6%; P<0.05), while in the small intestine they were higher in the control group (85%) than in the calcium and sodium groups (41 and 37%, respectively; P<0.05). In sheep loaded with Na, ash digestibility in the segment between the mouth and ileum (forestomach + small intestine) was higher than in the remaining groups (P<0.05).
At a similar Mg intake, its digestibility in the forestomachs was lower in the calcium group (27%) than in groups I and III (55 and 44%; P<0.05); the respective values in the small intestine ranged from -10 (III) to +5% (I). Calcium intake differed among groups (P<0.05; Table 2 ). In sheep loaded with Ca and Na, calcium digestibility in the forestomachs was higher than in the control group (P<0.05), and ranged from +8 (I) to -8% (III) in the small intestine. Negative P digestibility in the forestomach was found in all of the groups, while in the small intestine its digestibility coefficients ranged from 80 (II) to 98% (I); in the segment between the mouth and ileum, P digestibility was lower in the sodium group in comparison with the control (P<0.05).
The apparent digestibility coefficients of Na, K, Cu and Zn in the digestive tract of sheep are presented in Table 3 . Sodium intake equalled from 0.8 (I) to 12 g/d (III). Digestibility coefficients of Na in the forestomachs were negative and differed significantly among groups (P<0.05). Na digestibility in the small intestine and in the segment between the mouth and ileum was highly varied (P<0.05).
Potassium intake was similar in all groups. Its digestibility in the forestomachs in the Na-loaded group was higher, while in the small intestine lower (P<0.05) than in sheep fed the control and calcium diets. The K digestibility in the segment from the mouth to ileum in sheep loaded with Na and Ca were higher (P<0.05) than in the animals on the control diet (78 and 82 vs 66%).
No significant differences were found between groups in the apparent digestibility of Cu in the forestomachs (58-65%), small intestine (0.2-1.0%) or in the segment between the mouth and ileum (59-66%). a, b, c -P<0.05 ' forestomachs = intake minus duodenum 2 small intestine = duodenum minus ileum 3 forestomachs + small intestine = intake minus ileum Despite high variability related to secretion of Zn into the small intestine, its apparent digestibility in the forestomachs was lower in the control sheep (-69%) than in the animals from the sodium group (-34%). Large individual variations were observed in the small intestine, but an average Zn digestibility ranging from 14% in the Na-loaded group to 26% in the control group were found.
DISCUSSION
In the present study, it was found that the Mg, Ca and Cu content in the digesta entering to the duodenum was lower than the amount intake with the ration (Tables 2 and 3 ). The positive apparent digestibility coefficients obtained for these elements in the forestomachs point to their absorption in this part of the digestive tract. The flow of the remaining elements, i.e. Na, P, Zn, and partially K, through the duodenum was greater than intake. This indicates high concentration of these elements in saliva and digestive juice (McDowell, 1992) . At the negative apparent digestibility of these elements in the forestomachs, their main site of absorption was the small intestine (Tables 2 and 3) . Loading an extruded concentrates with Ca (5 times the ARC requirement) lowered Mg digestibility (27%) in the forestomachs in comparison with the control (55%) and sodium (44%) groups (P<0.05). Chicco et al. (1973) , Ben Ghedalia et al. (1982) and McDowell (1992) also observed lower Mg absorption in sheep loaded with Ca, indicating on important role of the forestomachs in Mg absorption and the marginal role of the small intestine. The increase in Ca intake with the ration from 5 (group I) to 19 g/d (group II) increased the Ca flow throughout the duodenum and ileum and the digestibility of Ca in the forestomachs (P<0.05), while at the same time reducing its digestibility in the small intestine. Ca digestibility in the small intestine (Table 2 ) concerns the amount of Ca absorbed in the intestine between duodenal and ileal cannulas. Other authors reported that the main site of Ca absorption (both active and passive) is the duodenum and noted a lowering of Ca concentration in the entire digestive tract when loading sheep with Ca (Ben Ghedalia et al., 1982) . Ca absorption is facilitated by a low pH. According to Braithwait (1974) it is dependent on the requirement status of the animal which declines with age. In our experiments, a reduction of Ca absorption in the small intestine occurred when the Ca:P ratio rose from 2:1 in the control group to 7:1 in the Ca group, while the recommended level is from 1:1-2:1 (McDowell, 1992) .
The negative digestibility of P in the forestomachs of all of the sheep (46-56%) was the result of the high concentration of this element in the saliva, stomach and pancreatic juices (a cannula located behind the junction with the pancreatic-bile duct). In the Ca-loaded group, a fall in P digestibility was found in the segment between the mouth and ileum, most likely due to its decline in the small intestine. The absorption of P in the small intestine ranged within 98 (I) to 80% (II). According to INRA (1989) , absorption of P declines with age from 80 to 50%, so in our sheep (5-6 months old) this parameter was in the upper range of these standards. High P absorption coefficients in the small intestine of growing sheep in our studies declined when the Ca:P ratio in the diet increased. McDowell (1992) reported the close relationship between net P absorption in the small intestine and secretion of P in the saliva, which can play an important role in homeostasis by controlling the secretion of P to the large intestine.
The absorption of Na from rations differed among groups and equalled from 0.8 to 12g/d, while its flow through the duodenum equalled about 14 g/d in all of the groups (Table 3) . These results indicate that there was a large amount of Na supplied with saliva and intestinal juices to the duodenum of sheep in groups I and II, which according to NRC (1980) is about 80%. Sodium ions play an important role in absorption of sugars and amino acids in the small intestine (Grim, 1980) , but an excess of Na in the ration did not affect total nitrogen absorption in the small intestine in the same animals (Leontowicz et al., 1995) . In these studies, significant differences were found between groups in Na digestibility in the studied segments of the digestive tract; the highest absorption of Na in the small intestine was in control sheep (98%), the lowest in the sheep loaded with Na (60%; P<0.05). According to ARC (1980) , absorption of Na in the small intestine is complete, INRA standards give a value of 90%.
The relationship between loading sheep with Na (or Ca) and the dynamics of digestive processes and between pH values and the dynamics of some elements in the rumen were discussed in earlier studies (Leontowicz et al., 1995) . When animals are loaded with Na, the sodium level of the saliva rises while that of potassium decreases; a similar relationship between the Na and K concentrations in the rumen was found by Chii and Phillips (1993) . In our studies on sheep loaded with Na we found a significant decline in K digestibility in the small intestine from 84.5 in group I to 52.1% in group III and its rise in the segment between the forestomachs and ileum (Table 3 ). The differences in the digestibility coefficients result from the antagonism between Na and K. According to the INRA (1989) the K absorption coefficients in the small intestine equal 80%; we obtained similar values for our control sheep.
The Cu content in the control ration, despite its high concentration in the feeds, was in the medium range of NCR standards (1980) , while in the calcium group, in the upper range. Cu digestibility in the studied segments of the digestive tract was positive; equalling from 58 to 63% in the forestomachs, which indicates that Cu already began to be absorbed in the forestomachs or intensely in the duodenum, before reaching the cannula situated just behind the pancreatic-bile duct orifice. Similarly as in the case of Mg, absorption of Cu in the small intestine was not large (Table 3) . Loading with Ca did not significantly affect its distribution in the digestive tract or absorption, which has been reported in the works of Alfaro et al. (1988) and Tucker et al. (1988) . McDowell (1992) reports that absorption of Cu in adult ruminants ranges from 1 to 3%, emphasizes its variability and the occurrence of numerous interactions with other dietary components such as phytins, Ca, Zn, Fe. Underwood (1977) found reduced Cu absorption in the presence of high Ca and Zn concentrations in the diet.
No differences were found in Zn digestibility in sheep loaded with Ca or Na. Zn digestibility in the small intestine ranged from 26 in group I to 14% in group III (Table 3) . Absorption of Zn depends on its intake in the diet. When its level in the ration is lowered, its absorption is higher than when rations with a higher Zn content are fed. In the latter case, absorption can fall to 10% (McDowell, 1992) . Similar tendencies were observed in our studies when Zn digestibility in the small intestine declined when its dietary intake rose.
CONCLUSIONS
The introduction of excessive amounts of calcium lactate (20% DM) into the composition of an extruded concentrates for sheep significantly lowered apparent Mg digestibility coefficients and increased them for Ca in the forestomachs and lowered P digestibility in the segment between the mouth and ileum.
The main sites of net Mg and Cu absorption were the forestomachs and/or the first part of the duodenum, while Na, K and P were absorbed mainly in the small intestine, regardless of Ca or Na loading.
Excess Na in the diet for sheep (12 g/d) significantly lowered K absorption in the small intestine.
Loading sheep with Ca and Na did not affect absorption of the studied microelements in the small intestine or in the segment between the mouth and ileum.
